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Approved for public release; distribution unlimited. In spite of the fact that simulators are better than ever, there are problems within the overall simulator traitiing system that mitigate against effective simuliator training. These problems are technical, conceptual, and managerial in nature, and they encompass all aspects of simulator design, testing and use. Technical problems related to simulator engineering have tended to receive the most attention, but conceptual and managerial problems require attention because they also can re-duce the effectiveness of simulator training.
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The purpose of this paper is to call attention to some of the conceptual and managerial problems that the writer has noted during reviews of simulator projects of the Army, Navy, Air Force and Coast Guard.
Although there are important differences in the way each service conceptualizes and manages its simulator programs, there are many commonalities to those programs, and some iCarc, P.W. "Aircraft Simulators and Pilot Training , " Huinan Factors, 1973, 1.5, 502-509.
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of the problems described below arc common to all four services.
It should I ~be noted, however, that the following disctission is not directed at a particular simulator project, oimulntor procurement agency, or simulator user.
Instead, the discussion is an attempt to synthesize types of problems that can be found, in varying degrees, in each of the services' programs.
In order to provide a structure to the discussion, problems will be identified in relation to three phases of the life cycle of a simulator.
These are the Design Phase, the Testing Phase, and the Use Phase. Two problems associated with the Design Phase will be described first.
SIMULATOR DESIGN
Isolation of the Simulator User.
Because of the many specialized and technical functions associated with simulator design and procurement, there has been a tendency for agencies responsible for these functions to be staffed with specialiscs who can perform them in an efficient manner.
Such agencies have full responsibility for designing simulators to meet the reported or observed needs of the ev,:ntual user of the simulators. Concurrently, the eventual user is relieved of any responsibility for simulator design and procurement so that he may be about his business of training.
This separation of responsibilities between designer and user during the simulator design phase has unfortunate consequences:
(1) it places all d'sign decisions in the hands of specialists who may lack an understanding of training processes, (2) and it tends to isolate the user from the design process so that information that could be helpful to the design specialist is never called to his attention. The resulting simulators sometimes are different from what the user expected them to be when he submitted the original requirement statement.
In the absence of a strong user influence during the simulator design process, decisions can be made that compromise the future device's training potential. The user's needs are not necessarily the prime concern of the designer. The effectiveness of the agency responsible for simulatoe design is measured principally in terms of its adherence to budget and time constraints, not whether the simulator is useful for training. This point deserves emphasis.
Simulator procurement agencies have no explicit responsibility for simulator training effectiveness.
Training with simulators is the user's responsibility. 4
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If future simulators are to be effective training tools, the user must be actively involved in the important decisions made during the simulator's Sdesign phase, not just represented by someone whose concerns may be different.
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Inattention to Behavioral and Training Models, Another problem associated with the design phase has to do with the fact that simulators are designed to simulate rather than to train. They are designed to reflect physical models rather than behavioral or training models.
This fact was reflected in a comment made at a recent conference on training and simulation. A participant in that conference was overheard to complain "I came here to learn about simulators, not about training."
Modern flight simulators are complex physical systems that simulate other complex physical systems, e.g., aircraft. Because of this emphasis upon physical systems, it is not surprising that they usually reflect physical rather than behavioral models. They look, feel, and sound very much like the physical creations after which they %ere modeled, but the relationships between the physical features of the simulators and the training for which they primarily were intended is not always apparent.
The principal physical models used by flight simulator designers are the aircraft and the flight environment. The aircraft being simulated is a design model that determines the physical size and appearance of the portions of the simulator with which the trainees interact (i.e., the trainee station) and the manner in which the controls and displays located there function. Usually this model is well defined through aircraft design and flight test data, and the dominant role of this model in simulator design is apparent.
The atmospheric, electronic and visual environments in which the design model aircraft operates are other models that play major roles in simulator design.
Since these environment models are easily quantified, they are readily usable, and their precise representation in simulator design also receives a great deal of attention.
A behavioral model of the training process should be equally important in simulator design, but behavioral considerations usually receive relati'vely little attortion from simulator designers.
A training process model would describe fi, the designer how the simulnLor will be used t~o accomplish the Obviously, these secondary considerations must receive attention, and no one would advocate procuring simulators that are unreliable. The concern is not whether engineering tests should be conducted during acceptance testing; rather, the concern is that most present day simulators have been accepted without regard to their suitability for training, obviously on the assumption that the user will solve any problems that may arise during training. Unfortunately, some of the simulators that havce been accepted in the past were so poorly suited to training needs that they literally could not be used. The user's solution in many cases has been either to initiate requirements for major modification to the devices, or to ignore them altogether.
Poor Feedback to Simulator Designoq~r.
A second problem associated with the simulator Testing Phase relates to information that is obtained concerning the trainin-, mission suitability of si:nulators, either as a part of an extended acceptance or operational testing process, or as a result of use of the device following its acceptance. While the designer often is involved in the conduct of acceptance testing activities related to matters of engineering concern, he is not often involved in activities The final group of problems to be discussed are those that occur during theeUse Phase, the period during which the simulator is used to train personnel operationally. While there undoubtedly are many problems associated with the use of simulators, four are of particular concern. The first has to do with the fact that no one really knows much about how to train in simulators. Very little attention has been devoted to the development of a technology of simulator training.
How do we train in simulators? In the case of aircraft simulators, we train in simulators pretty much like we train in aircraft. In many respects, that probably works out reasonably well, but one cannot but wonder if there might not be a better way. It was noted earlier that good models of the simulator instructional proces §-a1Wi7 ot been developed. The aircraft.is a very poor learning environment, and the flight instructor must function primarily as a safety pilot. In-flight instruction is constrained by aircraft fuel capacity, the availability of navigation aids and gunnery ranges, and a host of safety restrictions that make tactics training quite unrealistic in some in- The principal deficiency of these courses, however, is that they do little to provide the instructor the specialized knowledge and techniques that will allow him to employ the simulator effectively and efficiently as a training vebicle that has unique capabilities different from those of the aircraft.
In a recent survey of simulator training, frequent instances were found in which instructors did nut know how or when to use advanced simulator training features such as adaptive training, performance playback, and automatic performance monitoring. It is indeed rare to find a simulator Instructor who has been taught to use instructional techniques such as discovery learning, to shape and reinforce desired behaviors, or to employ individualized proficiency Isley, R.N., and MillLr, E.J. Further, it is doubtful that most planners and managers know how little is saved when a large number of hours of aircraft training is shifted to simulators while all these expensive training facilities must continue to be maintained and used for the few hours which continue to be flown in aircraft. It seems safe to say that the military tralaing cost models presently employed do not provide all of the information needed to make the best decisions about using simulators.
The second reason we do not know about the cost-effectiveness of simulator training relates to the effectiveness question.
The effectiveness of almost all military simulator training programs is being assumed, and, in many cases, these assumptions may be in error by significant amounts, There has been virtually a total nbsence of controlled tests designed to validate military simulator training programs. In the absence of such tests, simulator training usually has been substituted for aircraft training on an overkill bhsis. That is, training managers have substituted simulator training for aircraft training on a ratio that typically exceeds parity, thus quite likely inflating simulator training needs and costs. The consequences of excessive simulator training may be better training overall, of course, but without validating tests, we really do not know whether the ratios are adequate or excessive.
CONCLUDING COMMENT
The eight problems described in this report suggest that military simulator training systems may not be as healthy as one would wish. At least some of these problems are possibly related to the fact that simulator training is seldom viewed as a systein that encomp;asses, but Is by no means restricted to, si.mulator design, testing and use. Simulator training is itself part of a much 11 larger tralning system that includes training in operational vehicles and classrooms and training with supporting resources such as airfields, target ranges, and maneuver areas. As long as we treat these &rid other system elements as independent, with responsibilities fractionated, simulator training will continue to be beset with problems of importance equal to or greater than those identified here.
